Abstract -This paper presents a new simplified sensorless speed control method of induction motors (IM). The output voltage of d-axis PI current controller is used to compute the flux angle and to control the speed in correspondence with its reference. The effectiveness of the proposed method has been demonstrated by root loci and experiments. Especially the proposed method can stabilize the system at low speed regenerating operations.
I. INTRODUCTION
In order to improve the performance of induction motor control without speed sensor, many sensorless vector control methods of IM have been proposed to control the torque and speed [1] - [6] . However, the systems are relatively complicated. For example, a model reference adaptive system (MRAS) based methods needs a state observer and many PI controllers (d-q currents, speed and speed estimation). Furthermore, the systems may become unstable at low speed regenerating operations.
In this paper, we present a new simplified sensorless vector control method of IM. A linear model of the proposed system is derived in state space equation by taking a small perturbation of steady state operating point. Stability analysis is performed by showing root loci of the linear model. By the stability analysis we can determine the gains of controller. From the results of root loci, the unstable region of regenerating operation is removed.
Transient responses of the non-linear model are compared with those of experiment. The effectiveness of the proposed method has been demonstrated by these simulations and experiments.
II. PROPOSED METHOD
In this section, in order to simplify the controller and to stabilize the system at low speed regenerating operations, we propose a new sensorless vector control method shown in Fig.1 ( )
Speed controller:
Flux angle controller:
where, ( )
By using the d-q model of IM and the equations of proposed controller, a non-linear state equation is obtained:
where, We derive a linear model to study the stability of proposed system. A linear model of proposed system is derived by considering small perturbation about a steadystate operating point:
where, 
We confirmed that the transient responses of the linear model are in good agreement with those of the non-linear model around the steady state operating point.
IV. TRANSIENT CHARACTERISTICS
The proposed control system is implemented by a DSP (TMS320C32)-based PWM inverter. A compensating method is developed for the experimental system for dead time and the non-ideal features of IGBT [7] . Parameters of IM are: number of pole P=4, stator resistance R s =1.54Ω, rotor resistance R r =0.787Ω, stator and rotor inductance L s =L r =0.0115H, mutual inductance M=0.11H, and moment of inertia J=0.0126 kgm 2 . Fig 3 shows It is demonstrated that the system is stable at low speed regenerating operation. However, the system is unstable at plugging region as shown in (b). Fig.4 shows the unstable operating region when speed command and slip speed are changed with parameters 5.0 K ω = , and 20.0
The increasing value of speed control proportional gain pc K can improve the stability region at low speed of regenerating and motoring operations. In earlier paper, we have only studied when 0.0 pc K = [8] .
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To study the stable region at low speed, we decreased the speed control integral gain 5.0 ic K = as shown in Fig.5 . By comparing the unstable regions of Fig.4 with those of Fig.5 The simulation results of non-linear model from each parameters of pc K when the speed command is changed from 100 min -1 to 200 min -1 and then to 100 min -1 can be seen in Fig.6 . The speed responses can be faster by choosing large pc K . However, a damped oscillation is observed when 2.0 pc K = . Fig.7 shows the experimental results corresponding to the simulation results of Fig.6 . It is confirmed that the experimental results agree well with the theoretical results except for high frequency ripples. The high frequency ripples are caused by PWM voltage control in experimental system. 
